There has been a significant increase in recent years in the utilization of spaceborne communications-electronics systems to perform a variety of functions including communications, navigation, and surveillance. This growth has resulted in increasing concern over congestion to the geostationary orbit and frequency spectrum. The DOD Electromagnetic Compatibitility Analysis Center (ECAC) has been tasked to develop the required data base and analysis models to support future DOD space system planning. The project, begun at ECAC in 1981, consists of three major elements: data base design and software development, data compilation and analysis model development. As of January 1984, over 160 space systems had been identified and skeletal records describing these systems entered into an automated data base. Future efforts will concentrate on compilation of more detailed data for the data base and development of appropriate electromagnetic compatibility analysis models.
INTRODUCTION
There has been a rapid growth in recent years in the number of communications-electronics systems utilizing spaceborne elements. These systems perform a multitude of functions including communications, navigation, scientific measurements, weather monitoring, and surveillance. As the number of these space-based systems increase in both the military and civil arena, the competition for limited geostationary orbital positions and frequency spectrum is becoming a growing concern. This is evidenced by the convening of a World Administrative Radio Conference (WARC) in 1985 with the objective of "iguaranteeing in practice, for all countries, equitable access to the geostationary orbit and to the frequency bands allocated to Space Services.
It is clear that,the DOD, because of its present reliance on satellite systems and the increased emphasis on theseystems in the future, must be prepared to effectively plan its own electromagnetic spectrum growth and to effectively compete with other satellite requirements on the national and international level.
Effective planning of DOD systems requires a knowledge of existing and future satellite systems, not only of DOD systems, but of all systems in competition for the frequency spectrum and geostationary orbit. In June of 1981, the Office of the Under Secretary of Defense Research and Engineering, recognizing the lack of a central source of information within DOD regarding satellite systems, tasked the DOD ECAC to develop and maintain a space systems data base and analysis capability for the DOD.
Established in 1961, ECAC has the charter to develop and maintain information concerning the electromagnetic spectrum usage of communications-electronics systems for DOD, and to develop the required analysis capabilities to promote the electromagnetic compatibility (EMC) of DOD systems. ECAC was thus a natural choice for development and maintenance the space systems data base because of its previous experience in development and maintenance of terrestrial communications-electronics data bases, and its experience with development of EMC analysis models. The specific tasking of ECAC requested development of the data base include both military and commercial systems, emphasizing those utilizing the geostationary orbit. ECAC was requested to minimize the reporting burden on DOD and others by using existing reports and data bases to the maximum extent possible and to coordinate DOD's requirements with those of National Telecommunications and Information Administration (NTIA), Federal Communications Commission (FCC), and others to insure consistency, uniformity, and non-duplication of data requirements.
DATA BASE DESIGN
Initial development of the data base began in late 1981. The project consisted of three major elements: data base design and software development; data compilation; and analysis model development. The data base is being implemented on a SPERRY 1100/82, large scale computer, utilizing the SPERRY DMS 1100 data base management system. The data base design and software development tasks are being done in conjunction 29.2.1 U.S. GOVERNMENT WORK NOT PROTECTED BY U.S. COPYRIGHT with a major upgrade of the existing communications-electronics characteristics data base at ECAC. This approach was taken due to the commonality of many of the data items in both the terrestrial and space systems data base and the cost savings to be realized by combining the efforts.
A space system, for the purpose of the data base development, has been defined as a group of cooperating satellites and earth stations. Earth stations include both fixed and mobile (airborne, land mobile, and shipborne) terminals. The space system data base is being designed to describe each system by using three (3) types of records; a systems level record; a space segment record; and an earth segment record (see figure 1) . The systems level record contains a limited number of data elements and provides a general description of the system. This record consists of such data items as system name, ownership, function, frequency band, earth station types, number of satellites and geographic area of use. The data compilation portion of the data base development initially concentrated on collection of system level (Level I) records in order to get an idea of the magnitude of the collection effort and to identify data sources which may be valuable in the collection of detailed technical characteristics. This initial collection included identifying both current and future military, government, and commercial systems in geostationary and non-geostationary orbits. Future systems generally must be notified to the International Frequency Registration Board (IFRB) of the International Telecommunications Union (ITU) before being entered in the data base. This criteria was used to eliminate those "pie-in-the sky" systems from cluttering the data base and expending effort on those systems which may never come to fruition. As of January 1984, over 160 space systems had been identified and described with system level records in the data base.
To support the DOD preparations for the Space WARCs in 1985 and 1988, the next phase of the data compilation concentrated on collection of more detailed technical characteristics (Level II) of geostationary space systems. The data items to be collected were determined from a survey of analysis models which may be used to support the US preparations for the Space WARCs. Collection efforts were prioritized to assure collection of data for geostationary systems in frequency bands of most concern to the DOD and the effort was coordinated with NTIA to assure that the parameters compiled were consistent with those being entered into their data base and would provide adequate data to support any analysis models developed for Space WARC 85 preparations.
29.2.3
Upon completion of the collection of data for the high priority systems, plans are to compile Level II data for all geostationary systems followed by compilation of comprehensive (Level III data for all geostationary systems. Non-geostationary system data collection will follow the geostationary data compilation.
ANALYSIS MODEL DEVELOPMENT
The analysis model development is being accomplished concurrently with the data collection. Initial development efforts involved automation of international coordination models, specifically, automation of International Telecommunilation Union (ITUA Radio Regulations Appendix 28 and Appendix 29
In addition, an effort to develop an automated model to predict satellite antenna coverage (footprints) has also been initiated. This model will be used to accurately determine the desired and interfering power levels on the surface of the earth for both geostationary and non-geostationary systems. The development of this model will be integrated with the data base compilation effort to assure that the data required to run the model is generally available and the data base structure can accommodate storage of the data.
In the coming year ECAC will conduct an analysis of future automated models required to supplement the above models and other models that currently exist. Current satellite analysis models will be reviewed for applicability to EMC analysis studies and a long term plan for implementation of appropriate models outlined.
AVAILABILITY OF SPACE SYSTEMS DATA
ECAC's services in regard to the space systems data base and analysis capabilities are available to all DOD organizations. Normally requests for data base listings are provided upon request to DOD organizations or to DOD contractors upon written authorization of the DOD sponsoring agenci. Requests for services involving utili ation of analysis models and manpower are handled on a cost reimbursement basis with charges determined on a case by case basis.
